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Theories  proposing  a role  of specific  dietary  components  or food  supplements  in  the  prevention  or
treatment  of  COVID-19  have  received  extensive  social  media  coverage.

A multitude  of scientific  publications  have  also  pointed  to the  importance  of  food  and  nutrition  in
combating  the  COVID-19  pandemic.  The  present  perspective  critically  addresses  the  question  of  what
food  science  can  actually  contribute  in  this  context.

Animal  studies  suggest  that  micronutrients,  food  bioactives  or functional  foods  may  carry  the  poten-
tial  to  augment  viral  defense.  However,  the specific  roles  of food  components  in viral  infectious  diseases
in  humans  remain  unclear.  Rigorous  research  assessing  the  efficacy  of  food  compounds  in counteract-
ing  infections  would  require  long-term  randomized  controlled  trials  in large  samples.  While  no  foods,
single  nutrients  or  dietary  supplements  are  capable  of  preventing  infection  with  COVID-19,  a balanced
diet  containing  sufficient  amounts  of  macronutrients  and  diverse  micronutrients  is a  prerequisite  of  an
optimally  functioning  immune  system.  High-energy  diets  and  obesity  are  major  risk  factors  for  a  more

severe  course  of COVID-19.

Therefore,  population-wide  body  weight  control  and  weight  reduction  in overweight  people  are  impor-
tant preventive  measures.  Diet  may  play  a beneficial  role  in maintaining  a healthy  body  weight  and
preventing  non-communicable  conditions.

©  2021  Beijing  Academy  of  Food  Sciences.  Publishing  services  by  Elsevier  B.V.  on  behalf  of  KeAi
Communications  Co.  Ltd.  This  is an  open  access  article  under  the  CC BY-NC-ND  license  (http://
. Introduction

A previously unknown coronavirus, the severe acute respiratory
yndrome coronavirus 2 (SARS-CoV-2), emerged in December 2019
nd is the cause of the novel infectious coronavirus disease 2019
COVID-19) [1]. COVID-19 was declared a global pandemic by the

orld Health Organization (WHO) in March 2020 [2]. The devel-
pment of specific, effective and safe preventive and therapeutic
easures against COVID-19, including vaccines, anti-viral agents

nd passive immunotherapy, is likely to face numerous obstacles
nd may  see little success in the foreseeable future [3].

Food and nutrition play pivotal roles in the promotion of
ong-term health and the prevention of chronic disease [4]. Ade-
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quate nutrition is critically important for an optimally functioning
immune system, and both consistent malnutrition and over nutri-
tion can adversely affect immune responses. A PubMed literature
search using the keywords “(food OR nutrition) AND (COVID-19
OR SARS-CoV-2)” found over 1 000 articles published up until July
31, 2020. The multitude of papers seem to suggest an important
role of food and nutrition in the prevention of SARS-CoV-2 infec-
tion and the management of COVID-19. Moreover, countless news
stories and reports on websites and social media platforms convey
the message that dietary supplements or specific foods can prevent
the spread of the novel coronavirus. The present perspective crit-
ically addresses the question of what food science can and cannot
contribute in the times of the COVID-19 pandemic.

2. Nutrients, food compounds and COVID-19

Available evidence underlines a significant link between diet,
immunity and disease susceptibility. Nutritional deficits in energy,

protein and micronutrients can impair the immune system and
resistance to infection [5,6]. Specific nutrients and combinations of
nutrients may  exert effects on immune functions through cell acti-
vation and modification of both gene expression and production
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f signaling molecules [7]. Dietary ingredients can also influence
mmune responses through their effects on gut microbiota compo-
ition [8].

The deleterious effects of disease-related malnutrition are well-
nown [9] and can be prevented or contained by prompt nutritional
upplementation [10]. Based on the experience that, on admission
o hospital, most patients with COVID-19 present with anorexia
nd severe inflammation resulting in a marked decrease in food
ntake, a nutritional support protocol for the prevention of the con-
equences of malnutrition in non-critically ill patients has been
uggested; this protocol requires further evaluation [11].

A large number of functional food plants, such as ginger, gar-
ic, turmeric, black pepper, liquorice, pomegranate and elderberry,
ave been claimed to have potentially immunomodulatory and
nti-viral properties [12]. However, the evidence base for the effi-
acy of these food plants in humans is weak or non-existent, and
ome of them may  produce toxic effects if taken in large amounts.

Polyphenols and carotenoids are food bioactives thought to have
ntiviral efficacy. Polyphenols, for example, have been shown to
nfluence the regulation of immune cells, the synthesis of pro-
nflammatory cytokines and the suppression of pro-inflammatory
ene expression [13]. A mechanism underlying potential antivi-
al properties of resveratrol may  be the upregulation of the
ngiotensin-converting enzyme 2 (ACE2), which has been demon-
trated to be a functional SARS-CoV receptor [14,15] necessary for
ost cell entry and subsequent viral replication. The ACE2 receptor

s also involved in the entry of SARS-CoV-2 to cells [16,17]. Hypothe-
es regarding antiviral benefits of carotenoids [18] and polyphenols
19] are based mainly on studies in cell cultures and animal models.
owever, controlled interventions using food bioactives in human
ave not been conducted, and any beneficial effects of food bioac-
ives in regard to viral infections in humans are questionable.

Probiotics can activate multiple immune mechanisms and exert
ffects on host immunological networks [20,21]. They have been
ound to enhance immune responses [22] and to modestly decrease
he incidence and duration of viral respiratory tract infections
23,24]. The administration of probiotics to strengthen the immune
ystem has been recommended in COVID-19 guidelines [25]. While
icrobial dysbiosis with a reduction in Lactobacillus and Bifidobac-

erium has been observed in some people with COVID-19 [26], the
fficacy of conventional probiotics in the prevention or therapy of
OVID-19 is unknown. The effects of SARS-CoV-2 on gut microbiota
hould be investigated in more detail [27].

A variety of micronutrients, e.g. vitamins and trace elements,
lay essential roles in both innate and adaptive immune responses,
nd micronutrient homeostasis is central to the maintenance of

 healthy immune system [28]. While micronutrient deficien-
ies can decrease immunity to disease, supplementation has been
ound to improve immunity to viral infections [29]. For exam-
le, vitamin D deficiency appears to be associated with impaired

mmune responses and an increased risk of systemic infections
30]. Vitamin D supplementation may  prevent respiratory infec-
ions through, among other mechanisms, a reduced production of
ro-inflammatory cytokines and, thus, a consequent decrease in
he risk of a cytokine storm leading to pneumonia [31].

The efficacy of micronutrients and other dietary interventions
n infections can be affected by numerous factors, such as the
ype of pathogen, the dose and duration of administration and the
ge, genetics, lifestyle, immunological and nutritional status of the
tudy participants [32]. In particular, immunosenescence during
ging changes the impact of nutrition on immune function [33].
urthermore, prolonged supplementation of food bioactives and

icronutrients at high doses may  have adverse effects and may

ven aggravate infectious diseases [34–36].
The search for individual nutrients capable of promoting opti-

al  immune system functioning relies on a belief in magic bullets
an Wellness 10 (2021) 1–5

and an outdated model of disease pathophysiology. The expres-
sion ’magic bullet’, coined by the German physician and Nobel
laureate Paul Ehrlich more than a century ago, describes precisely
targeted medical treatments [37]. The research strategy attempting
to understand the functions of single nutrients and to examine their
therapeutic efficacy individually is in accord with traditional phar-
macological methodology. However, this approach is at odds with
physiological processes, which require an intake of a wide range of
nutrients in balance. This provides an explanation for the limited
success of the administration of single nutrients.

3. Dietary habits, obesity and COVID-19

Recent studies have attempted to explain the highly variable
COVID-19 case fatality ratios between countries with at least par-
tially differing dietary habits [38,39]. For example, an examination
of the correlation between average consumption of fermented veg-
etables and COVID-19 mortality across Europe, using information
from the European Food Safety Authority Comprehensive European
Food Consumption Database found that the national mortality risk
for COVID-19 decreased by 35.4% for each g/day increase in the
average intake of fermented vegetables such as sauerkraut [39].
Hypotheses explaining this association include antioxidant activity
and effects of fermented vegetables on the microbiome. However,
the correlational relationship does not necessarily equate with
causation. The numerous factors likely to influence the mortality
rates observed include demographic factors, extent of SARS-CoV-
2 testing and assessment of death rates, trained immunity and
cross-immunity of populations, public hygiene, characteristics and
preparedness of health care systems, climatic and other environ-
mental variations as well as other nutritional aspects.

Nevertheless, certain dietary patterns can have a detrimental
effect on immune responses and can be involved in the devel-
opment of various inflammatory diseases [40]. In animal models,
western-type calorically rich diets have long been known to be
capable of priming for augmented innate immune responses, e.g.
they have been demonstrated to induce enhanced cytokine pro-
duction to stimulation with lipopolysaccharide [41,42]. It has
recently been shown that a western diet can also trigger innate
immune reprogramming and lead to long-term changes of immune
responses in mice; the NLRP3 inflammasome seems to play a crit-
ical role in these responses [43]. In summary, the consumption
of a western diet can generate exaggerated immune responses
to exogenous and endogenous triggers of inflammation and could
contribute to inflammatory disease.

A link has been demonstrated between non-communicable dis-
eases, such as obesity, type 2 diabetes and metabolic syndrome,
and various infectious diseases, post-infection complications and
mortality from severe infections [44,45]. Obesity, in particular, has
been shown to have a substantial impact on pathogen defense and
immunity. A characteristic of obesity is low-grade chronic inflam-
mation, which can impair innate and adaptive immune responses
and render the immune system more vulnerable to infections [46].

Non-communicable diseases may  also increase the risk for
adverse outcomes and mortality in individuals with COVID-19
[47–49]. Together with age and ethnicity, obesity has been found
to be a key risk factor for COVID-19 [50]. The impact of obe-
sity on COVID-19 may  be mediated by its effects on pulmonary
function, including a reduction in expiratory reserve volume,
functional capacity and respiratory compliance [51,52]. Further-
more, adipose tissue produces cytokines and contributes to a

pro-inflammatory milieu [53]. Elevated levels of pro-inflammatory
cytokines may  exacerbate inflammation in people with COVID-19,
causing immune hyperactivation (“cytokine storm”), acute respi-
ratory distress syndrome or multiple organ failure [54]. Metabolic
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Table 1
Contribution of food science to COVID-19.

No. Contribution of food science

1 Experimental evidence in support of beneficial effects of food
bioactives, functional foods and micronutrients against viral
infection stems from animal and cell culture research.

2 The specific roles of food components in viral infectious diseases in
humans remain unclear.

3 Many factors can affect the efficacy of micronutrients and food
bioactives in infection (dosage, timing and duration of
administration; age, health and nutritional status of target
population).

4  Prolonged supplementation of food bioactives and micronutrients
at high doses may have adverse effects and may even aggravate
infectious diseases.

5  No foods, single nutrients or dietary supplements are capable of
preventing infection with COVID-19.

6  Rigorous research investigating the efficacy of food compounds in
counteracting infections requires long-term randomized
controlled trials.

7  A balanced diet containing sufficient amounts of macronutrients
and diverse micronutrients is a prerequisite of an optimally
functioning immune system.

8  Obesity and high-energy diets are major risk factors for a more
severe course of COVID-19.

9 Population-wide body weight control and weight reduction in
overweight people are important preventive measures in
COVID-19.
K.W. Lange / Food Science an

ysfunction-associated fatty liver disease appears to be of partic-
lar importance, since the presence of obesity has been found to
levate the risk of severe COVID-19 approximately six fold [55–57].

The increased risk of mortality from COVID-19 in obese people
oints to an important role of nutrition [58]. Food can influence the

evels of gene expression of cytokines and thus modulate inflam-
ation and oxidative stress [59]. Health-related consequences in

opulations affected by economic shutdowns, quarantines and cur-
ews due to SARS-CoV-2 include psychological distress [60–62],
hich may  be associated with an increase in energy intake [63]

nd a decrease in physical exercise [64], resulting in weight gain
nd increased rates of overweight and obesity.

Preventive interventions, such as weight reduction programs,
ay  focus on obese individuals, with their greater risk for severe

llness and mortality from COVID-19. However, risks for disease
re quantitative and not categorical phenomena and constitute a
ontinuous distribution. Prevention measures could therefore be
ntroduced community-wide and may  shift the population distri-
ution of a risk. This approach may  reduce the burden of disease
ore significantly than merely targeting people at high risk [65].
The United Kingdom has experienced the highest death rate

rom COVID-19 in Europe. As well as the relatively slow introduc-
ion of preventive measures and lockdowns, a potential causative
actor may  be the high prevalence of obesity and associated health
onditions. In view of the increased severity of COVID-19 infection
n obese people and the prospect of a second wave of the virus,
he British government is planning to introduce a weight loss cam-
aign [66]. The campaign to reduce body weight and to encourage
ealthier food choices to prevent future weight gain will include
dvertising on television and radio as well as in print and social
edia [67].
In summary, overweight and obese people are at high risk for

evere or fatal outcomes of COVID-19. These individuals need spe-
ial attention, with an emphasis on avoidance of infection and
eduction in body weight.

. Conclusion

Nutritional immune support has the potential to augment viral
efense, as has been demonstrated in cell cultures and animal mod-
ls. It is important to note that experimental evidence in support of
eneficial effects of food compounds against infection stems from
ell culture and animal research. The studies conducted in humans
re observational, and interventional trials with robust controlled
esigns are lacking. In particular, findings of high-quality inves-
igations in COVID-19 are not available, and the specific roles of
ood components in the prevention and therapy of viral infectious
iseases in humans remains unclear. To no avail, food science has
ttempted for many years to find micronutrients, food bioactives or
unctional foods able to reliably improve immune functions. Scien-
ifically rigorous research assessing the efficacy of food compounds
n combating infectious diseases would require long-term ran-
omized controlled trials in large samples, taking into account the
articipants’ age, lifestyle, immune status and other relevant vari-
bles. Furthermore, it is becoming increasingly clear that the notion
f single nutrients acting as magic bullets aimed at circumscribed
hysiological deficits within the immune system is outdated. In this
espect, food science should not raise expectations that cannot be
ulfilled (see Table 1).

At present, major targets of coronavirus research include a
eduction in the number of infections with SARS-CoV-2 and the

itigation of severe cases of COVID-19. The important and urgent

hallenge facing governments and health care providers requires
 focus on scientific strategies providing the most promising out-
omes. While no foods or dietary supplements are capable of
10 Diet may  play a beneficial role in maintaining a healthy body
weight and preventing non-communicable conditions.

preventing infection with SARS-CoV-2, maintaining a balanced
diet containing sufficient amounts of macronutrients and diverse
micronutrients is important in supporting adequate immune func-
tions. High-calorie “western diets” promote a pro-inflammatory
state, and obesity is a major risk factor for a severe course of COVID-
19. Therefore, population-wide body weight control and weight
reduction in overweight and obese people are important preventive
measures.

The most effective measure in preventing the spread of SARS-
CoV-2 is unarguably the avoidance of exposure to the virus [68].
Dietary supplementation in relation to COVID-19, using micronu-
trients, food bioactives or functional food plants, is not evidence
based and should not underlie decisions concerning prevention or
treatment. While “let thy food be thy medicine “is of little rele-
vance in the context of COVID-19, food and nutrition as a holistic
concept may  play a beneficial role, particularly in maintaining a
healthy body weight and preventing non-communicable condi-
tions.
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51] L. Costa Melo, M.A. Mendonç a da Silva, A.C. do Nascimento Calles, Obesity and
lung function: a systematic review, Einstein Sao Paulo (Sao Paulo) 12 (2014)
120–125, http://dx.doi.org/10.1590/s1679-45082014rw2691.

52] W.  Dietz, C. Santos-Burgoa, Obesity and its implications for COVID-19
mortality, Obesity 28 (2020) 1005, http://dx.doi.org/10.1002/oby.22818.

53] H. Hauner, Secretory factors from human adipose tissue and their functional
role, Proc. Nutr. Soc. 64 (2005) 163–169, http://dx.doi.org/10.1079/
pns2005428.

54] G. Muscogiuri, G. Pugliese, L. Barrea, et al., Obesity: the “Achilles heel” for
COVID-19? Metabolism 108 (2020) 154251, http://dx.doi.org/10.1016/j.
metabol.2020.154251.

55] M.  Eslam, P.N. Newsome, S.K. Sarin, et al., A new definition for metabolic
associated fatty liver disease: an international expert consensus statement, J.
Hepatol. 73 (2020) 202–209.

56] D. Van der Poorten, K.L. Milner, J. Hui, et al., Visceral fat: a key mediator of
steatohepatitis in metabolic liver disease, Hepatology 48 (2008) 449–457,
http://dx.doi.org/10.1002/hep.22350.

57] K.I. Zheng, F. Gao, X.B. Wang, et al., Obesity as a risk factor for greater severity
of COVID-19 in patients with metabolic associated fatty liver disease,
Metabolism 108 (2020), 154244.

58] A. Simonnet, M. Chetboun, J. Poissy, et al., High prevalence of obesity in severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) requiring invasive
mechanical ventilation, Obesity 28 (2020) 1195–1199, http://dx.doi.org/10.
1002/oby.22831.

59] L. Di Renzo, P. Gualtieri, L. Romano, et al., Role of personalized nutrition in
chronic-degenerative diseases, Nutrients 11 (2019) 1707, http://dx.doi.org/
10.3390/nu11081707.

60] K.W. Lange, Mental health problems in COVID-19 and the need for reliable
data, Mov. Nutr. Health Dis. 4 (2020) 64–69.

61] L. Lei, X. Huang, S. Zhang, et al., Comparison of prevalence and associated
factors of anxiety and depression among people affected by versus people

unaffected by quarantine during the COVID-19 epidemic in Southwestern
China, Med. Sci. Monit. 26 (2020) 1–12.

62] J. Qiu, B. Shen, M.  Zhao, et al., A nationwide survey of psychological distress
among Chinese people in the COVID-19 epidemic: implications and policy

dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1017/S0029665110002533
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1513/AnnalsATS.201703-255AW
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/j.clnu.2007.10.007
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/S0140-6736(18)32776-4
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1016/j.nut.2020.110835
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.1002/ptr.6770
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.3390/nu10111618
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nature02145
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1038/nm1267
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1161/CIRCRESAHA.120.317015
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1126/science.abb2762
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1093/jn/134.1.257S
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1016/j.jnutbio.2017.01.006
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1097/MOG.0000000000000151
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
dx.doi.org/10.1159/000496426
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0110
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1002/14651858.CD006895.pub2
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1017/S0007114514000075
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
dx.doi.org/10.1186/s40779-020-0233-6
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0130
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1016/S2468-1253(20)30122-9
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1017/S0029665108006939
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1016/j.dsx.2020.04.015
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1210/er.2018-00126
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.1136/bmj.i6583
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.31665/JFB.2020.10222
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1017/S0029665116000781
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.1016/j.jinf.2016.10.001
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.31665/JFB.2019.7192
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
dx.doi.org/10.1158/1940-6207.CAPR-12-0045
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0185
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1186/s13601-020-00323-0
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1101/2020.07.06.20147025
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
dx.doi.org/10.1016/j.immuni.2014.05.014
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0205
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1093/jn/122.2.294
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
dx.doi.org/10.1016/j.cell.2017.12.013
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0220
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1002/JLB.5VMR0118-021RR
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/obr.12320
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1111/cob.12365
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1093/cid/ciaa415
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)30566-3
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1016/S0140-6736(20)31024-2
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1590/s1679-45082014rw2691
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1002/oby.22818
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1079/pns2005428
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
dx.doi.org/10.1016/j.metabol.2020.154251
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0275
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
dx.doi.org/10.1002/hep.22350
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0285
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.1002/oby.22831
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
dx.doi.org/10.3390/nu11081707
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0300
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0305


d Hum

[

[

[

[

[

K.W. Lange / Food Science an

recommendations, Gen. Psychiatry 33 (2020) e100213, http://dx.doi.org/10.
1136/gpsych-2020-100213.

63] C.R. Isasi, C.M. Parrinello, M.M.  Jung, et al., Psychosocial stress is associated
with obesity and diet quality in Hispanic/Latino adults, Ann. Epidemiol. 25
(2015) 84–89, http://dx.doi.org/10.1016/j.annepidem.2014.11.002.

64] M.A. Rodríguez, I. Crespo, H. Olmedillas, Exercising in times of COVID-19:
what do experts recommend doing within four walls? Rev. Esp. Cardiol. 73

(2020) 527–529, http://dx.doi.org/10.1016/j.rec.2020.04.001.

65]  K.W. Lange, The international movement and nutrition society and the
prevention of disease, Mov. Nutr. Health Dis. 1 (2017) 0.

66] P. Walker, No 10 Plans Weight Loss Drive to Ready UK for Expected COVID-19
Second Wave, Guardian, July 11, 2020. Available at: https://www.

[

an Wellness 10 (2021) 1–5 5

theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-
ready-uk-for-expected-covid-19-second-wave. Accessed July 17,
2020.

67] Public Health England, Major New Campaign Encourages Millions to Lose
Weight and Cut COVID-19 Risk, Available at: https://www.gov.uk/
government/news/major-new-campaign-encourages-millions-to-lose-
weight-and-cut-covid-19-risk. Accessed July 28, 2020.
68] D.K. Chu, E.A. Akl, S. Duda, et al., Physical distancing, face masks, and eye
protection to prevent person-to-person transmission of SARS-CoV-2 and
COVID-19: a systematic review and meta-analysis, Lancet 395 (2020)
1973–1987, http://dx.doi.org/10.1016/S0140-
6736(20)31142-9.

dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1136/gpsych-2020-100213
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.annepidem.2014.11.002
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
dx.doi.org/10.1016/j.rec.2020.04.001
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
http://refhub.elsevier.com/S2213-4530(20)30189-0/sbref0325
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.theguardian.com/society/2020/jul/11/no-10-plans-weight-loss-drive-to-ready-uk-for-expected-covid-19-second-wave
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
https://www.gov.uk/government/news/major-new-campaign-encourages-millions-to-lose-weight-and-cut-covid-19-risk
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9
dx.doi.org/10.1016/S0140-6736(20)31142-9

